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Abstract 
The Energy Self-Sufficient Village is one of the Indonesian government programs where one of the criteria is that every village 
has to be able to fulfil minimum of 60% of energy needs with renewable source of potential owned. Tegalweru is a village that 
has potential of the livestock sector and there are 6 installations of biogas management to utilize manure waste. The evaluation of 
the energy self-sufficient village was conducted using emergy analysis. The emergy analysis is applied in two different scenarios. 
The first is baseline scenario where is only 37 cattle owned by ten households are treated to produce biogas. The second scenario 
is the scenario to fulfil the 60% target of energy self-sufficient. The emergy analysis is done to calculate the value of four emergy 
indices, which are, EYR to measure the comparison of yield and input added to biogas system, EIR to measure the emergy input 
needed to treat 1 kg of manure, ELR to measure the load of the manure treatment on environment, and ESI to measure the 
sustainability of biogas management. Analysis of emission reduction is also done in this research to find out the best
scenario to be implemented in Tegalweru Village. 
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Nomenclature 
E Total amount of electrical need 
ࢻ Standard of electricity need used in this study 
n The total number of household in Tegalweru village. 
EG Energy Generation (The electrical energy produced by biogas (kWh)) 
Bio The production of biogas (m3) 
HV Heating Value (The value of the heat produced from biogas per m3(6000Wh/m3)) 
CE Conversion efficiency of biogas production(25%)   
M Emergy 
࣎ Transformity value 
B Available energy 
 
Acronyms 
GoI Government of Indonesia 
ESSV Energy Self-Sufficient Village 
EYR Emergy Yield Ratio 
EIR Emergy Investment Ratio 
ELR Environmental Loading Ratio 
ESI Environmental Sustainable Index 
1. Introduction 
The energy self-sufficient village is one of the programs launched by the GoI in 2007. This program is launched 
in order to empower the people, particularly those living in the rural areas, so that they are able to utilize effectively 
the locally available renewable energy source to fulfill their basic energy needs for each household. This program 
aims to encourage self-help among the villagers, so that they could generate their economic activities. This program 
involves eight related ministries and focuses on solving the poverty problem and energy crisis. There are already 
more than 630 Energy ESSV have been established nationally. It is envisaged that there will be about 3,000 ESSV in 
2014, established by the program [1]. One of the criteria of the ESSV is one village can provide at least 60% of total 
energy demand for the rural population. It is expected that through the program the economic growth will increase 
rapidly. Besides, creating utilization into biogas is one of the efforts of GoI to implement the energy self-sufficient 
village and to improve the number of villages which have ability to cover they energy demand by themselves. 
Biogas is one important option in fulfilling energy needs of society, especially in rural areas in developing 
countries. Some of the advantages of biogas application for rural communities are that it can be used for cooking, 
lighting, water pumping and other energy variations. Furthermore, it has intangible benefit for the community, such 
as improving the quality of the environment, health care quality and standards of living [2]. By using cow dung into 
biogas energy sources, it will be able to reduce GHG emissions and contribute to minimize the impact of global 
warming. The major components of biogas are methane (CH4) and carbon dioxide (CO2) which contribute to global 
warming and climate change [3]. According to Forster, et.al, the global warming potential (GWP) of methane is 25 
times higher than carbon dioxide [4]. Cow is one of cattle that have great potential in the production of methane gas 
by its manure waste. Therefore, manure waste utilization is needed to reduce the specific GHG emission causing 
global warming and climate change. 
This study aims to evaluate the efficiency and the sustainability of manure waste management by converting it to 
biogas using emergy analysis. This method has been used by some researchers to assess the environmental aspect 
based on the quality of energy [5]. Emergy is defined as the total amount of available energy of one kind that is used 
up directly or indirectly in a process to deliver an output product, flow, or service [6]. Emergy analysis was 
introduced by Howard Odum during 1980s. In emergy theory, any goods or services have a different energy value 
and it will be evaluated using the base unit by converting each energy value of goods or services into equivalent unit 
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demonstrated by solar equivalent Joules (SEJ) [7]. Therefore, this method will denote status and position of energy 
in the different goods or services [8]. 
2. Method 
Data was collected by primary and secondary survey. In this study, researcher used some literature and data to 
support the research, such as the profile of Tegalweru village, research-related journals, and other the literature 
(secondary survey). Meanwhile, the primary survey was conducted by interviews and questionnaires with Tegalweru 
villagers as respondent who own livestock (cattle) which are equal to 143 farmers. The study did not use sampling, 
but it used the population of farmers for extracting information. 
The case study is located in Tegalweru village which has potential in biogas management since it has 727 cattle 
[9] producing 1,454 m3/ day manure. However, there are only 10 households that run biogas management equal to 
37 cattle. It is due to the lack of funding for the construction of biogas and the low level of public knowledge that 
make them do not understand how to utilize the manure and use it as an alternative energy. It indicates that manure 
waste utilization as renewable energy resources is not optimal. If renewable resources can be used optimally, it will 
support the energy self-sufficient village program. In 2013, there are 6 points of biogas reactor. 
Electricity needed by rural population has been calculated in this research to determine the minimum number of 
cattle to fulfill electricity demand (second scenario) and to determine electricity covered by existing condition, 
where there are only 37 cattle owned to produce biogas (first scenario). Moreover, emergy accounting was 
conducted to assess the value of efficiency and sustainability of two different scenarios. The first is baseline scenario 
which measures the existing conditions. The second is the scenario to fulfill the 60% target of energy self-sufficient 
village program. 
Some of the assumptions used in the study are to minimize the limitations of the data for the perfection of this 
study including the assumption of demand for electricity in one household. Researchers used a standard to calculate 
the electricity needs for the villagers. In addition, the assumptions for calculating the amount of animal waste 
production, biogas slurry, biogas residue and urine produced by a cow taken from some related literature [10-18]. 
2.1. Study Site 
Tegalweru village is located in DauDistrict, Malang Regency (see Fig.1 (a)) with the greatest potential is in the 
agricultural and livestock sector which has administrative boundaries as follows: 
x North : Gadingkulon Village, DauDistrict; 
x East  : Merjosari Village, DauDistrict; 
x South : PetungSewu Village and Karangwidoro Village, DauDistrict; 
x West : Selorejo Village, DauDistrict. 
Fig. 1(b) and 1(c) are the existing condition of manure livestock utilization in Tegalweru village. 
2.2. Electrical need 
The electrical needed by population in Tegalweru Village is calculated by multiplying the standard of electricity 
need of each household with the number of household in Tegalweru. 
ܧ ൌ ߙݔ݊          (1) 
The standard to measure electrical need by the rural population is taken from spatial planning of Malang District 
year 2011-2031. The standards mentioned on that law [18] are: 
x Large residential  : 1,300 watt/ household 
x Medium residential : 900 watt/ household 
x Small residential : 450 watt/ household 









Fig.1 (a) Map of Tegalweru village; (b),(c) Existing condition of livestock manure utilization. 
Since the Tegalweru village is categorized as a small residential; therefore, the calculation of the electrical need is 
using 450 watt/household. Calculation of electricity demand covered by biogas can be calculated by the formula 
[19]: 
ܧܩሺܹ݄݇ሻ ൌ ܤ݅݋ ൈ ܪܸ ൈ ܥܧ        (2) 
2.3. Emergy accounting 
The emergy flow in biogas project consists of input, process and output. The resources input can be categorized 
into three types which are local renewable energy resources (RR), renewable purchased resources (RP), and non-
renewable purchased resources (NP). An important concept in emergy analysis is Solar Transformity, defined as the 
Solar Emergy required to make 1 J of a service or product [6]. Every service or product is measured by similar unit 
which is sej/J. The solar transformity is Solar Emergy divided by its available energy. 
ܯ ൌ ߬ݔܤ          (3) 
Energy flows of the universe are the organization of an energy transformation hierarchy, and the position in the 
energy hierarchy is measured with transformities [6]. The emergy analysis is done to calculate the value of four 
emergy indices, which were EYR, EIR, ELR, and ESI. 
x EYR 
EYR is to measure comparison of yield and input added to biogas system. The contents of input are non-
renewable emergy (N), renewable emergy (R) and purchased emergy (F). Low values of EYR denote weak 
competition ability and low economic benefit when resource is developed.  
x EIR 
EIR is the ratio of emergy fed back from the outside of a system to the indigenous emergy input (both 
renewable and non-renewable). It evaluates whether a process is an economical user of the emergy that is 
invested in comparison with alternatives [20] 
x ELR 
ELR is to measure the load of the manure treatment on environment which is the sum of non-renewable 
emergy (N) and purchased emergy (F) to the renewable emergy (R). Low values of ELR denote low 
environmental impact.  
x ESI 
Environmental Sustainable Index is to measure the sustainability of biogas management. This index is the ratio 
(a) (b) 
(c) 
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of EYR to ELR which is present the capability on biogas system to provide the maximum profit of yield that is 
products or services with the minimum environmental stress. When ESI has a low value, products and 
processes are not suitable in the long term, but when the ESI shows the high value, it has sustainable 
contribution to the economy and environment in the long term. 
   Table 1. Emergy indices criterion. 
Emergy Indices Formula [6] Criterion [6] 
Emergy Yield Ratio EYR= Y/NP+RP+RR Higher was better 
Emergy Investment Ratio EIR= NP+RP/RR+NR Lower was better 
Environmental Loading Ratio ELR=(NP+NR)/RR Lower was better 
Environmental Sustainable Index ESI =  EYR/ELR Higher was better 
 
2. Result and Discussion 
2.1. Electricity Covered by Biogas 
Electricity needed by the population in Tegalweru village is calculated with the abbreviation (1). Since the total 
number of household in Tegalweru village is 967 [9] and the standard of electricity need used in this study is 450 
watt/ household, so the total electricity needed by population in Tegalweru village is 435.15 kWh. Only 37 cows 
owned by10 households are utilized as biogas. Out of 10 households which are served, there are 6 point of biogas 
with 6 m3 type. Table 2 is the results of the calculation of electricity demand that can be fulfilled from biogas with 
two different scenarios. 
  Table 2. Electrical power covered by biogas. 
Scenario Condition Total Electricity 




Manure waste needed 
by biogas management 
Total amount 
Scenario 1 Baseline 435.15 kWh per day 90 kWh per day 60 m3 37 cows 
Scenario 2 Toward 60% 
electricity need 
covered 
435.15 kWh per day 261.09 kWh per 
day 
174.06 m3 87 cows 
 
The result shows that the first scenario had only capability 0.207% to cover the total amount of electricity need in 
Tegalweru village. The second scenario, which was calculated to reach 60% target of energy self-sufficient, presents 
that to be the self-sufficient village, Tegalweru must optimize 174.06 m3 of manure waste. It is similar to be 17 
biogas installations. 
2.2. Emergy flow 
Input from emergy analysis in the form of a biogas system diagram is renewable energy sources and non-
renewable. Moreover, renewable energy sources consist of sunlight, rain, wind, temperature, pH, earth cycle, 
manure, urine and flushing sewage, while the purchased input is such as water, human labor and land. Non-
renewable sources in the biogas system consist of the construction and maintenance costs to get the output in the 
form of biogas, biogas slurry and biogas residue. Two scenarios in the study had the same emergy flow, the 
difference between those scenarios lies in the amount of manure used as biogas. The first is the utilization of biogas 
which corresponds with the existing condition in Tegalweru village, while the second scenario is a condition in 
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Fig.2 Emergy system diagram scenario 1 and scenario 2. 
Table 3. Emergy flow supporting biogas system of scenario 1. 
No. Item Unit Amount Transformity References Solar Emergy 
Renewable Resources 
1 Sunlight J 8.57E+29 1 [6] 8.57E+29 
2 Rain, geopotential J 1.37E+15 10500 [6] 1.44E+19 
3 Wind J 7.75E+15 1500 [6] 1.16E+19 
4 Earth cycle J 1.01E+14 34400 [6] 3.47E+18 
5 manure J 1.02E+14 27000 [21] 2.74E+18 
6 Urine and flushing sewage J 804980.38 3.8E+6 [22] 3.06E+12 
Total 8.57E+29 
Renewable Purchased 
7 Water kg 32412 4.65E+8 [23] 1.51E+13 
8 Labor J 1.10E+11 7.24E+6 [6] 7.99E+17 
9 Land J 2.32E+19 27000 [6] 6.27E+23 
Total   6.27E+23 
Non-Renewable Purchased  
10 Construction investment $ 633.22 3.68E+12 [24] 2.33E+15 
11 Maintenance cost $ 35.28 3.68E+12 [24] 1.3E+14 
12 Level of education   
Preschool J 14016.573 8.9E+6 [16] 1.25E+11 
school J 10698.839 2.46E+7 [16] 2.63E+11 
collage J 18324607 7.33E+7 [16] 1.34E+15 
public status J 530854.39 10.29E+8 [16] 5.46E+14 
Total   4.35E+15 
Yields 
14 Biogas J 5.65E+11 248000 [21] 1.40E+17 
15 Biogas slurry J 1.57E+11 5.77E+6 [22] 9.07E+17 
16 Biogas residue J 1.4E+13 2.7E+6 [21] 3.77E+19 
Total 3.87E+19 
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Fig. 2 illustrates emergy system diagram on biogas in Tegalweru village according to Odum'srules. Emission 
production which can be reduced by the use of biogas is not calculated by emergy analysis. The calculation is done 
separately. Gases causing the greenhouse effect that can be reduced by utilizing manure waste as biogas are methane 
gas and carbon dioxide gas. More detail of emergy flow diagram of the system is described in Fig. 2. 
Calculation of the total emergy is shown and presented in emergy table. Table 3 and 4 show the results of the 
calculation of emergy on biogas systems in each scenario. Transformity used in the study was taken from the 
literature of several previous studies because there is no researcher who conducted the research with the same 
variable. Therefore, this research used transformity value of literature and chose the value which has closest 
characteristics of study site with Tegalweru Village. Each scenario was evaluated in three parts, namely, input, 
process and output. 
Table 3 shows that scenario1 has a total solar emergy 8.57E+29 and require total emerg investment 7.31E-07. 
Emergy input on scenario1 is the lowest, due to the low utilization of manure that affects the quantity of labor, 
finance and other inputs. As the main ingredient in biogas systems, solid manure, urine and flushing sewage have 
contributed 0.07%. 
Table 4 shows that the total emergy value of 3.17E+28 is higher than scenario1 and requires 1.98E-05 of emergy 
investment. Solid manure, urine, and flushing sewage have contributed 0.07% in the biogas system. The main output 
of biogas is expected to fulfil the demand for electricity by the community in the Tegalweru village. 
 
Table 4. Emergy flow supporting biogas system of scenario 2. 
No. Item Unit Amount Transformity References Solar Emergy 
Renewable Resources 
1 Sunlight J 3.17E+28 1 [6] 3.17E+28 
2 Rain, geopotential J 9.56E+13 10500 [6] 1.00E+18 
3 Wind J 5.41E+14 1500 [6] 8.12E+17 
4 Earth cycle J 7.03E+12 34400 [6] 2.42E+17 
5 Manure J 2.95E+14 27000 [21] 7.96E+18 
6 Urine and flushing sewage J 1892792 3.8E+6 [22] 7.19E+12 
Total 3.17E+28 
Renewable Purchased 
7 Water kg 76212 4.65E+8 [23] 3.54386E+13 
8 Labor J 3.13E+11 7.24E+6 [6] 2.26418E+18 
9 Land J 2.32E+19 27000 [6] 6.2694E+23 
Total 6.2694E+23 
Non-Renewable Purchased 
10 Construction investment $ 717.6493 3.68E+12 [24] 2.64E+15 
11 Maintanance cost $ 99.96 3.68E+12 [24] 3.68E+14 
12 Level of education 
Preschool J 14016.57 8.9E+6 [16] 1.25E+11 
School J 10698.84 2.46E+7 [16] 2.63E+11 
Collage J 18324607 7.33E+7 [16] 1.34E+15 
Public status J 530854.4 10.29E+8 [16] 5.46E+14 
Total 4.90E+15 
Yield 
14 Biogas J 1.33E+12 248000 [21] 3.29E+17 
15 Biogas slurry J 4.56E+11 5.77E+6 [22] 2.63E+18 
16 Biogas residue J 4.05E+13 2.7E+6 [21] 1.09E+20 
Total 1.12E+20 
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2.3. Emergy-base indices result 
Emergy-base indices calculation of biogas system is listed in the Table5. The calculation of emergy-base indices 
includes EYR, EIR, ELR and  ESI from each scenario. 
   Table 5. Emergy-base indices result. 
Item Scenario 1 Scenario 2 
Emergy Yield Ratio 4.52E-11 3.54E-09 
Emergy Investment Ratio 7.31E-07 1.979E-05 
Environmental Loading Ratio 7.31E-07 1.979E-05 
Environmental Sustainable Index 6.18E-05 1.79.E-04 
 
EYR values show that scenario 2 has higher EYR value than scenario1. This indicates that the second scenario is 
an efficient alternative in recovering emergy because of the utilization of livestock manure into biogas. In emergy 
investment ratio, scenario 1 has the lowest value because scenario 1 has a lower input than scenario 2 and the 
manure used in scenario 1 is fewer than in scenario 2. It will affect the other inputs such as the number of labor and 
maintenance costs. ELR is an indicator to show the environmental burden of each scenario. Scenario 1 has lower 
value than the ELR on scenario 2. It reflects that the pressure on the environment caused by activities in the  scenario 
1 was lower than scenario 2. Scenario 2 has the highest value of sustainability; it is seen from the value of ESI 
compared with scenario 1. The highlighted value on Table 5 is the value of correspond criterion of each parameter. 
The evaluation of potential Tegalweru village with two scenarios denote that all scenarios have comparable 
values of emergy indices. Scenario 1 has a value of EIR and ELR that meet the criteria, whereas scenario 2 has EYR 
and ESI values that meet the criteria compared with scenario 1. Therefore, the calculation of emission reductions 
would be the next analysis to see the best scenario to be implemented. 
2.4. The GHG emission reduction 
GHG emission reduction was calculated by comparing the two scenarios and the ability of each scenario in 
reducing emissions. GHG emission which was calculated in this study focused on methane contained in manure. 
This gas also plays a major role in contributing to global warming. Calculations were performed with the method 
recommended by IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas 
Inventories. According to the annual method, emission factor in Asian countries with non-dairy type, estimated that 
about half of cattle manure is used for fuel with the main is managed in dry systems. Since Tegalweru village has a 
temperature of 23 oC, so the emission factor used in the calculation is 1 [25]. Table 6 is the calculation of CH4 
emissions in each scenario. 
  Table 6. The GHG emission reduction result. 
Formula 
Scenario 1 Scenario 2 
Value Unit Value Unit 
Emission factor 1 kg/head/yr 1 kg/head/yr 
Population 37 head 87 head 
1.00E+06 1.00E+06 - 1.00E+06 - 
CH4 Emission 3.70E-05 Gg CH4 8.70E-05 Gg CH4 
 
From emission estimation calculations, it can be denoted that scenario 2 has high methane value compared with 
scenario 1. It indicates that by utilizing manure waste of condition in scenario 2 will reduce GHG emissions of 
methane which is higher than the current existing condition (scenario 1). Actually, both scenarios have the same 
emission factors, but there are differences in the manure used between the two scenarios. Scenario 1 optimized 
manure from 37 cows and scenarios 2 optimized manure from 87 cows. As a result, the total emissions that were 
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generated and could be reduced by the optimization of using biogas also differed between scenario 1 and scenario 2. 
Scenario 2 has 12% ability to reduce emissions of methane, while scenario 1 only has an efficiency of 5.1%. 
The scenario that can be applied in Tegalweru village is scenario 2 with higher EYR, ESI and emission reduction. 
Some advantages perceived by the application from minimum utilization of 87 cattle to fulfill the target of 60% 
electricity needs beside of the environment are among others: 
x In terms of political, scenario 2 will be able to assist the government in achieving energy self-sufficient village 
programs that have been implemented since 2007 and also assist the government to develop policies to 
improve the utilization of manure in the Tegalweru village like Medium Term Development Plan. 
x In terms of economy, society will get benefit from the utilization of biogas that can fulfill the electricity needs. 
Consequently,  the expenditure costs for electricity need will be reduced and can be allocated for another 
needs. 
x From the social point of view, community will be able to become self-reliant community in fulfilling the needs 
of electrical energy, reviewed from enhancement in participation of local communities to build and manage the 
installation of biogas. Furthermore, biogas will improve the welfare of the community. 
3. Conclusion 
Biogas is one way to embody Energy Self-Sufficient Village (ESSV). Due to the demand of electricity growing , 
the population increases should be balanced by using renewable energy. By utilizing animal waste in scenario 2, it 
will be able to realize Tegalweru village as the energy self-sufficient village, since the current conditions (scenario 
1) cannot fulfill the need of electricity. On the other hand, biogas is a tool to reduce the risk of environmental 
impacts from livestock manure and to fulfill the demand of electricity for rural communities. The results of the 
evaluation show that the sustainability of the scenario 2 could be implemented in Tegalweru Village to become 
Energy Self-Sufficient Village. In line with the high potential of manure to be used, scenario 2 is the optimal 
scenario to fulfill the 60% target of electricity for rural communities. 
The application of emergy analysis in the study is emergy indicators which are significant to evaluate the 
utilization of manure. This method generated the value of the efficiency and sustainability of each scenario, but it 
also could estimate the environmental burden and benefits of the utilization of livestock manure. Therefore, the 
emergy analysis was compared in two different conditions. The calculations show that scenario 1 has the lowest 
value of emergy investment. A large amount of manure used in scenario 2 will also improve the number of labor and 
maintenance costs. The high value of ELR in scenario 2 was caused by the use of non-renewable inputs which were 
higher than scenario 1 so that it would affect the environmental burden. Whereas in sustainability terms, scenario 2 
has a high sustainability value where the use of manure from 87 cows would give benefit to society in a long time 
compared with the current utilization which only provides the benefits in a short time. Moreover, the utilization of 
the 87 cattle in scenario 2 will reduce higher emissions of methane than the utilization of 37 cattle dung. According 
to the estimation of methane gas produced by livestock manure, scenario 2 has a major contribution in the reduction 
of methane gas causing of global warming. 
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